abstract BACKGROUND AND OBJECTIVES: Preterm birth is a significant stressor for parents and may adversely impact maternal parenting behavior. However, findings have been inconsistent. The objective of this meta-analysis was to determine whether mothers of preterm children behave differently (eg, less responsive or sensitive) in their interactions with their children after they are discharged from the hospital than mothers of term children.
The survival rate of preterm infants has increased rapidly as a result of the improvements in medical and nursing care and technology in the past decades. 1 Infants born preterm often require care in the NICU or Special Care Baby Units for weeks and often months. 2 Being in close contact with the mother in the early days of life has been proposed to be crucial for the development of mother-infant bonding. 3 Preterm birth and incubator care might influence the infant, the mother, and their relationship. Preterm children experience more neurodevelopmental, cognitive, and behavioral problems in infancy and childhood 4, 5 and may be less attentive in their communication with their mothers, 6 smile less often, 7 and be less responsive. 8, 9 Furthermore, preterm birth might impair the mother's own perception about her ability to take care of her newborn. 10, 11 Apart from separation, this is often a stressful time for parents because of the uncertain outcomes for their infants. Preterm birth has been reported to increase the risk of depression in mothers 12, 13 and lead to symptoms of posttraumatic stress disorder 14 and may adversely affect the motherinfant relationship. [15] [16] [17] Maternal sensitivity has been defined as the mother's ability to infer her infant's signals and respond to them appropriately. 18 In full-term children, sensitive and responsive parenting has been shown to increase cognitive, social, and emotional outcomes. [19] [20] [21] On the other hand, insensitive parenting has been related to poor regulatory control in infancy 22 and more psychological problems in young adulthood. 23, 24 Recent evidence indicates that sensitive parenting may be even more crucial for preterm children to achieve outcomes similar to full-term children. 25 Thus, increasing maternal sensitivity and responsiveness with interventions has been reported to result in more developed communication skills, improved cognitive outcomes, and more positive mood in preterm infants. [26] [27] [28] However, there is considerable inconsistency in findings, with several studies that reported mothers of preterm infants to be as responsive or sensitive, [29] [30] [31] or more so, 32 than comparison mothers. Concepts used in observational studies of parenting also differed and mainly referred to "sensitivity" and "responsiveness." 33 Other than these 2 terms, behaviors such as directiveness (statement that directs the infant to do or say something), suggestions (question or statement that provides infant a choice), and the frequency of smiling 34 were also used by some studies. We use the term "facilitation" to generally refer to these behaviors.
These inconsistencies may be due to the children studied (ie, whether they were born moderate to late preterm or very preterm). In addition, better parental access and more parental care in recent years (after 2000) have decreased stress for parents and infants. 35 Infant age is also a critical factor because the differences in maternal behavior between preterm and full-term infants have been suggested to lessen after 6 months of age. 30 Moreover, the differences between the measures used to evaluate types of parenting behavior (sensitivity, responsivity, facilitation) could be a critical factor to consider in the explanation of findings. Finally, geographical variations in NICU care practices (Europe versus North America) may account for some of the inconsistencies in the findings because care practices might differ between continents.
The aim of this meta-analysis was to systematically investigate whether the observed maternal behavior in interaction with their preterm infants or children differs systematically from that of mothers with their full- 
METHODS
The current meta-analysis was conducted in line with the MOOSE (Meta-Analysis of Observational Studies in Epidemiology) guidelines. 36 
Search Strategy
A literature search was conducted for cross-sectional and longitudinal studies of maternal behavior in preterm infant-mother dyads, published between January 1980 and May 2014. The article search was finalized on June 30, 2014. The following electronic databases were searched: Medline, PsychInfo, ERIC, PubMed, and Web of Science. The keywords used were as follows: "premature", "preterm", "low birth weight" in conjunction with "maternal behavio*r", "mother-infant interaction", "maternal sensitivity", and "parenting".
The Medline search yielded 3 articles, PsychInfo yielded 336 articles, ERIC yielded 11 articles, PubMed yielded 70 articles, and Web of Science yielded 111 articles. Overall, 531 articles were included in the literature search. Forty-three duplicates were removed from the search. Overall, the final literature search included 488 articles (see Fig 1) .
should report on the following maternal parenting behavior constructs: "maternal sensitivity", which is defined as a mother's ability to perceive and infer the meaning behind her infant's behavioral signals and to respond to them promptly and appropriately 18 ; "maternal responsiveness," 37,38 such as providing stimulation to the infant; or "maternal facilitation," 39,40 such as positive regard and respect for the child's autonomy. 41 Because these terms tapped into similar constructs, our review used maternal parenting behavior as an umbrella term to refer to maternal sensitivity, maternal responsiveness, and maternal facilitation. Second, studies had to use an observational instrument to measure maternal parenting behavior. Third, studies had to include a fullterm comparison group. Fourth, enough statistical information (correlations, means, and SDs; sample size; P or t values) should be reported in the articles or provided by authors after contacting them to enable computing effect sizes. Last, the articles had to be in English. Studies not fulfilling these criteria were excluded (Fig 1) .
The titles and abstracts of 488 articles were reviewed, and 293 were excluded on the basis of the abstract only. We reviewed the full text of the remaining 195 articles according to the inclusion criteria, and 155 articles were excluded. Furthermore, 6 studies had no information to compute effect sizes. The contact information of one of the authors 42 could not be found. The other authors of these studies were contacted; however, 3 of the authors did not reply 43-45 and 2 could not provide the information. 17, 34 Thirty-four studies were included in the metaanalysis ( Table 1 ). The article selection process was performed by Ayten Bilgin and Hayley Boulton independently. The overall agreement in the selection of articles according to the predefined criteria was Cohen's k 0.86 at the abstract selection stage and 0.83 at the full-text retrieval stage. The discrepancies in 10 articles were discussed and mutually resolved by the coders.
Quality Assessment
The Newcastle-Ottawa Scale was used to assess the quality of studies referring to selection, comparability, and outcome or exposure for casecontrol and cohort studies (see Supplemental Tables 2 and 3) . Scores in this scale could range from 0 to 9, with higher scores indicating higher quality. Studies were rated by 2 independent coders, and agreement for the overall rating for each study was found to be high (k = 0.82). The overall ratings of the studies ranged from 7 to 9 (mean = 8.08, SD = 0.79), indicating overall high quality.
Data Extraction
Eligible studies were reviewed to extract the observed maternal behavioral data. When available, information on the comparison of preterm and full-term groups was extracted directly from the article. Different studies provided the data in different formats: sample size with means and SDs, P value, or t value.
FIGURE 1
Flow diagram showing study eligibility. Publication bias analysis was assessed as follows:
1. Rosenthal's fail-safe number 92, 93 was used to address the filedrawer problem. Rosenthal's failsafe number test produces the number of unpublished studies needed to bring the combined effect size to a statistically nonsignificant level. Publication bias does not exist if Rosenthal's failsafe number exceeds 5k + 10, where "k" is the number of studies used in meta-analysis.
2. The trim and fill procedure 94 was used to examine the symmetry of effect sizes plotted by the inverse of the SE. Ideally, the effect sizes should mirror one another on either side of the mean.
3. The Begg and Mazumdar rank correlation test 95 was used to examine the likelihood of bias in favor of small sample size studies. Nonsignificance of correlation indicates no publication bias. 96 examined whether publication bias related to the direction of study findings. The intercept value provided by this test shows the level of funnel plot asymmetry from the standard precision.
Egger's test

RESULTS
The 34 studies included a total of 3905 participants, 1981 preterm and 1924 full-term comparison children. Thirteen of the studies investigated moderate to late preterm (32-36 weeks' gestation) and 21 studies reported on very preterm children (,32 weeks' gestation). Mean birth weight was 1374 g (SD = 234 g) for the preterm participants and 3450 g (SD = 545 g) for the full-term participants. The mean gestational age of the preterm children was 30.4 weeks (SD = 2.2 weeks) compared with 39.8 weeks (SD = 1.1 week) for the full-term comparisons. Fifty percent (n = 17) of the studies were longitudinal (ie, had .1 assessment point). Four of the studies reported on observed maternal responsivity (12%), 14 on observed maternal sensitivity (41%), and the rest described observed mother behavior as maternal facilitation (47%). The overall sample size of the studies ranged from 33 to 565 (median = 71). The mean age of the participants included in the studies was 13.9 months (median = 6 months). Twentyone of the studies included participants ,12 months, with a mean age of 4 months (range: 2 weeks to 9 months). The other 13 studies included participants aged $12 months (mean = 28.07 months; range: 12 months to 8 years, 5 months).
The combined mean effect size of observed maternal parenting behavior was Hedges' g = 20.07 (95% confidence interval: 20.22 to 0.08; z = 20.94; P = .35), indicating no difference in the parenting behavior of mothers of preterm and full-term comparison children. Heterogeneity analysis indicated significant and high variation in effects between studies (Q = 156.42; I 2 = 78.9, P = .001) (Fig 2) .
Moderator Analysis
Planned moderator analysis revealed that the degree of prematurity was not a significant moderator (Q = 0.02, P = .88) (see Supplemental Fig 4) . Being published before or after 2000 was also not a significant moderator for the main analysis (Q = 1.47, P = .23) (see Supplemental Fig 5) , nor was whether the studies were carried out in North America or Europe (Q = 0.77, P = .38) (see Supplemental  Fig 6) . Similarly, infant age (Q = 0.01, P = .92) (see Supplemental Fig 7) and the type of observed maternal parenting behavior did not moderate the findings (Q = 2.76, P = .25) (see Supplemental Fig 8) .
Outliers and Sensitivity Analysis
Outliers are defined as studies that had significantly different effect sizes from the other studies. 97 One study 61 was identified as an outlier because it had substantially higher effect sizes than the other studies. As suggested by Borenstein et al, 97 we repeated the meta-analysis excluding the outlier to check whether this result altered the combined effect size and reduced heterogeneity. Results remained nonsignificant when the outlier was removed from the analysis (Hedges' g = 20.02, P = .76) (Fig 3) and the level of heterogeneity decreased (Q = 103.07; I 2 = 68.95, P = .001).
Publication Bias
The fail-safe number addresses the concern that the observed differences may be false and was not relevant in the current study because the combined result did not indicate Mothers of preterm children repeatedly have been described at risk of being less sensitive in their interactions with their infants. 45, 98 It has been proposed that mothers' ability to respond to their preterm infants' needs appropriately might be negatively affected by long-term incubator care 3, 99, 100 or by mothers' high levels of stress. 15 Nevertheless, the results from our meta-analysis indicate that mothers of preterm children provide, on average, similar observed sensitive and responsive parenting for their preterm offspring as mothers with a full-term infant. This finding provides support to the studies that reported similar levels of
FIGURE 2
Difference between preterm and full-term mother infant dyads. CI, confidence interval. Favors A, Favors full-term infants; Favors B, favors preterm infants observed maternal behavior in preterm and full-term infants during the first year of life. 29, 30, 46, 63, 80 Maternal sensitivity has been previously reported to be a predictor of the development of secure infant-tomother attachment. 101 In preterm infants, maternal sensitivity has been linked to positive developmental outcomes, 102 whereas insensitivity has been found to increase impairments in self-regulation. 103 Similar outcomes in preterm infants were also observed when maternal responsivity and facilitation were measured. 43, 84, 104 We carefully distinguished between the different maternal parenting behaviors: sensitivity, responsivity, and facilitation. This method allowed us to examine the impact of all parenting behavior as well as the moderating role of using different constructs in analysis. Nevertheless, type of parenting did not make a difference in the outcome, which suggests that our findings are generalizable across these different maternal parenting behaviors.
Increased levels of maternal stimulation and intrusiveness have been associated with negative outcomes. 105 However, Wijnroks 106 showed that intrusive parenting did not lead to negative outcomes in preterm children. On the contrary, preterm children were found to have better cognitive outcomes and better ability to sustain attention at the age of 2 years. Similarly, Jaekel et al 25 and Eryigit Madzwamuse et al 107 reported that differences in parenting behavior disappeared once intellectual abilities of the infants/ children were controlled for. Thus, children who were delayed and had lower IQ scores may need more framing and directive parenting, which may be considered as intrusive in normally developing children. Knowing that preterm children are more likely to have developmental delay, our finding of no differences in observed parenting is even more remarkable.
Evidence from some recent studies suggests that differences between preterm and full-term infants in observed maternal behavior may decrease after the first 6 months. 28, 29 In this meta-analysis, 19 studies included infants aged #6 months and 15 studies included children aged $7 months. No impact of infant age on maternal observed behavior was found in moderator analysis.
Previous research considered the length of stay in hospital and the degree of neonatal illness as important predictors of the
FIGURE 3
Difference between preterm and full-term mother infant dyads-Without outlier. CI, confidence interval. Favors A, Favors full-term infants; Favors B, favors preterm infants socioemotional development of preterm infants. 108 Increased neonatal morbidity and prolonged hospital stay may adversely shape the quality of the relationship between the mother and infant. 109 Very preterm infants experience, on average, more neonatal complications and interventions and longer hospital stay than moderate to late preterm infants. 110 However, no difference in observed parenting behavior of mothers of very preterm versus moderate to late preterm infants was found in the current meta-analysis. This finding provides no evidence for the suggestion that lower gestational age, often associated with longer hospitalization, adversely affects observed maternal parenting and is in line with studies that directly explored the impact of severity of neonatal illness 43 or birth weight on maternal parenting behavior. 71 Alleviating maternal stress by early intervention has been shown to increase the amount of sensitivity of mothers of preterm infants at 12 months. 27 Recent improvements in neonatal support were proposed to have led to more involved care and improved interaction during initial hospitalization. 29 Practices in NICU care regarding parent involvement started changing in the 1990s but have varied widely between units within and between countries. We used the year 2000 as an "approximation" cutoff point to distinguish between less and more family-centered care. European NICUs, in particular the United Kingdom, implemented parental 24-hour visiting routinely in the 1980/1990s, whereas this practice appears to have been later in many North American NICUs. However, our moderator analyses did not show a significant effect of studies being conducted before or after 2000 or of being conducted in Europe or North America.
The finding that preterm and fullterm mothers do not differ in their observed parenting behavior is highly reassuring for health professionals and parents. The stress of having a preterm child has been often considered to adversely affect parenting behavior and long-term development. 111 Nevertheless, our findings indicate considerable resiliency in observed parenting behavior. New longitudinal research indicates that preterm children may need increased sensitive and facilitative parenting to scaffold their behavior to deal with tasks and emotional regulation. 25 This approach may include more guided and directive behavior. 17, 46, 64 Furthermore, the finding that preterm infants are more influenced by lowor high-sensitive parenting suggests more susceptibility to parenting. 48 Thus, we speculate that mothers of preterm children may need to be even more responsive and facilitative than mothers of full-term children for their children to reach the same potential.
Strengths and Limitations
Our study's strengths are that we included only studies that had direct observations of maternal parenting behavior with usually high interobserver reliability. We excluded studies that used self-report questionnaires of maternal parenting behavior. Direct observations provide only a short window into maternal parenting behavior, whereas maternal reports of behavior refer to longer periods but may often be influenced by maternal factors such as depression. 112 Furthermore, the use of expert observations, verified by interobserver agreement, is less likely to be biased by previous experiences and mental state than maternal reports of parenting.
A limitation is that the current metaanalysis included only articles published in English. We cannot be certain whether this may have introduced bias. However, for the studies analyzed here and published in the English language no indication of publication bias was found. Furthermore, heterogeneity was high, indicating considerable variation between studies. This heterogeneity might arise from incorporating studies that have various designs and sample sizes. To address this possibility, we used random-effects model in the analysis and conducted moderator analysis with potential variables. However, the predefined moderator variables could not explain the heterogeneity between studies and additional moderators may be considered in future research. Major heterogeneity may arise by the use of a wide range of observation methods. However, we could not test this possibility because measures differed from one study to another. Moreover, we used the year 2000 as an artificial cutoff point, which is a convenient approximation of changed NICU care (visiting patterns) and might not represent the exact time for the improvements in the NICUs included in the meta-analysis. Finally, we computed mean scores if the study reported observations of maternal behavior over several time points. Therefore, longitudinal changes were not addressed in the current analysis but may be of interest in future. The influence of specific medical complications on any potential differences between mothers of preterm and full-term infants could not be addressed. Very few studies provided information on medical complications and thus could not be considered as a moderator. However, it is critical for future studies to consider the level of medical complications in preterm infants when studying mothers' behavior.
Conclusions
Despite being born preterm and often spending weeks or months in neonatal care, mothers' observed parenting behavior in interaction with their preterm children was not found to be less sensitive, facilitative, or responsive than that of mothers of full-term children. The findings provide reason for optimism that most mothers, despite their initial shock and stress and the challenges of dealing with a preterm infant, show sensitive and responsive behavior that is comparable to mothers of fullterm children. However, whether these similar levels of observed maternal behavior are sufficient or appropriate to foster optimal development of preterm children requires further longitudinal investigation. 24 
